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Ion suppression in analysis of tetracyclines in feed was studied. The conventional analysis consists of a liquid extraction followed
by a clean-up step using solid phase extraction (SPE) technique and analysis of the tetracyclines by liquid chromatography and
mass spectrometric detection. Various strategies for extraction and cleanup were tested in the present work, and the eﬀectiveness to
decrease the ion suppression on the MS/MS signals was evaluated. Four sample treatment methods were tested with five diﬀerent
feed samples. Extraction solvents tested were McIlvaine buﬀer and a mixture of McIlvaine buﬀer dichloromethane (3 : 1). SPE
cartridges for cleanup were Oasis HLB, Oasis MCX, and Oasis MAX. The eﬀectiveness of the methods was evaluated in terms of
decreasing the ion suppression eﬀect but also of decreasing the variability of ion suppression between samples. The method that
provided the most satisfactory results involved a clean-up step based on SPE using mixed-mode cation exchange cartridges (Oasis
MCX).
1. Introduction
Tetracyclines are a family of drugs belonging to the group
of antibiotics. They are widely used in animal husbandry
for therapeutic and prophylactic purposes. Oxytetracycline,
tetracycline, chlortetracycline, and doxycycline are by far
the most used antibiotics from this family. Their main
chemical properties are their amphoteric behaviour due to
their several acid-base equilibria and the tendency to act
as chelating agents in presence of multivalent ions [1, 2].
Figure 1 shows structures and pKa values of the tetracyclines
studied. At pH values below 3 they are positively charged.
At pH between pKa1 and pKa2 they are neutral (zwitterionic
state), and above pH 8 they are negatively charged.
The use of antibiotics in animal husbandry is strictly
regulated to protect consumers, as the presence of antimicro-
bials residues in food products of animal origin can lead to
resistance of bacteria to antibiotics. Therefore, the European
Union has developed regulation concerning this issue [3, 4].
Analysis and control of antibiotics in feedstuﬀs for animals
has become an important issue as only authorized feedstuﬀs
can be medicated under specific conditions as stated in
Council Directive 90/167/EEC [5]. Use of tetracyclines as
feed additives is forbidden in the EU since 2006, as stated in
annex II of Commission Recommendation 2005/925/EC [6].
Feed contamination can occur depending on a large
number of factors such as human error or handling proce-
dures, but production practices have been identified as the
main source [7].
Nowadays, liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) is the technique of choice for the
analysis of veterinary residues in food. The analysis of
antibiotics in animal feed, though, has proved to be quite a
challenge because of the high complexity and variability of
the composition of the matrix. Numerous raw materials and
additives are added into the feeds, including grains, seeds,
beans, rice, and soy, and thus many interfering components,
such as oils, fats, proteins, and salts can occur at very
high levels. This complexity causes a strong eﬀect of ion
suppression. Ion suppression can be defined as a change
in the eﬃciency of droplet formation or evaporation in
the ion source of mass spectrometer, caused mainly by
interfering matrix compounds. This aﬀects the amount of
charged analyte that reaches the detector and so the signal
obtained for it. During the last years a growing concern
on this issue has been reported [8–17]. Some factors such
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Figure 1: Structures and pKa values of tetracyclines.
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Figure 2: Schematic setup for ion suppression recording.
as mobile phase composition [9, 15] or the type of ion
source and its geometry [17] have been reported to play a
role in ion suppression, but matrix components reaching
ion source are the most commonly reported of them. More
knowledge on the removal of matrix interferences is needed
to overcome ion suppression problems. Many authors have
studied this phenomenon by improving sample treatment in
residue analysis by HPLC-MS/MS in biological matrices such
as whole blood, plasma, serum, or urine [12–14, 16, 18]. In
the case of feed samples, it has been proved recently that they
are an extreme case, regarding ion suppression, compared
to other kind of matrices [19]. Moreover, the changeable
composition of each individual feed leads to the obtention of
sample extracts with high variation in matrix components,
and that leads then to very diﬀerent extents of ion suppres-
sion for each single feed sample. Therefore, not only is it
much harder than with other kind of samples (like food) to
avoid ion suppression eﬀect, but it is also diﬃcult to obtain at
least a homogeneous sample-independent eﬀect. This factor
does not allow accurate quantification even when matrix-
matched calibration approach is performed. A solution to
overcome this eﬀect has been found in the emergence of
more isotopically labelled internal standards. The labelled
internal standard coelutes with the analyte in question
and has similar physicochemical properties. These internal
standards, though, still do not ensure correct quantification
in all cases [20]. Moreover, their commercial availability is
still scarce, and they represent a high cost option. Dilution
of the final extract to reduce matrix concentration is also a
common option. However, when analyzing samples that may
have been contaminated by error or by cross-contamination
during production, levels can be very low (in the range of
the few parts per billion) and so no great dilution factors are
recommended. Presently, the only way to make completely
sure that HPLC-MS/MS quantification is fully reliable is to
apply standard addition calibration. This ensures a correct
quantification of each individual feed. Unfortunately this
quantification tool is very time consuming and cumbersome,
resulting in only a few feeds being analysed per day, which is
hardly aﬀordable for laboratories which have to handle a high
number of samples.
Development of analytical methodologies for analysis of
veterinary drugs in feed by HPLC-MS/MS has started to
increase in number for the last recent years. Although almost
all authors are aware about ion suppression/enhancement
phenomena in feed analysis, only a few of them have devel-
oped their methods including standard addition calibration
[21, 22]. Some others decided to perform this calibration
technique by building calibration curve with spiked aliquots
of the processed sample prior to HPLC-MS/MS analysis
[23, 24], assuming that extraction recovery is a factor of
much less impact in the final results than matrix eﬀects.
Others assume that their extraction and clean-up techniques
are good enough to compensate this eﬀect [25–27] or do not
even mention it [28–30].
The aim of this work was to investigate some clean-up
methodologies and to evaluate their eﬀectiveness to reduce
ion suppression in the analysis of antibiotic residues in feed
by LC-MS. For this evaluation, some strategies mentioned
in the literature [9, 11–13, 18] were used. Tetracyclines were
chosen as a model group to perform the experiments. No
papers have been found reporting ion suppression concern
in LC-MS/MS tetracycline analysis, and only one in LC-
MS analysis (single quadrupole and ion trap) in soils
[31]. Several sample treatment procedures were tested and
compared using diﬀerent kinds of feed samples.
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Figure 3: Ion suppression profiles of a blank, a dry, and a wet feed sample obtained with sample treatment method 1.
2. Experimental
2.1. Chemicals and Reagents. Oxytetracycline (OTC), tetra-
cycline (TC), chlortetracycline (CTC), doxycycline (DC)
and demeclocycline (DMC) were purchased from Sigma
(St. Louis, MO, USA). Methanol (MeOH) and acetonitrile
(ACN) were obtained from Biosolve (Valkenswaard, The
Netherlands) and acetic acid (AA), ammonia solution 25%
v/v (NH3), formic acid (FA), and dichloromethane (DCM)
from Merck (Darmstadt, Germany). Solid reagents were
purchased from Merck and included citric acid, potassium
dihydrogen phosphate, ethylenediaminetetraacetic acid dis-
odium salt (EDTA), and sodium hydroxide (NaOH). All
reagents were analytical-reagent grade.
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Table 1: Sample pretreatment methods tested for the cleanup of tetracyclines from animal feeds.
Method
1 2 3 4
Extraction
40mL McIlvaine
buﬀer-EDTA 0,1M
40mL DCM McIlvaine
buﬀer-EDTA 0,1M
(1 : 3)
40mL McIlvaine
buﬀer-EDTA 0,1M
40mL McIlvaine
buﬀer-EDTA 0,1M
SPE
Loading pH
4.2 4.2 2.5 10
Cartridge Oasis HLB (60mg) Oasis HLB (60mg) Oasis MCX (60mg) Oasis MAX (60mg)
Wash (2mL) H2O H2O
(1) FA 2% (v/v) (1) NH3
(2) MeOH (2) MeOH
Elution (2mL) MeOH MeOH MeOH :NH3 (95 : 5) MeOH : FA (95 : 5)
Final step
Evaporation with N2
and reconstitution with
mobile phase
Evaporation with N2
and reconstitution with
mobile phase
Dilution with 8mL
acetic acid 10% (v/v)
Dilution with 8mL H2O
(v/v)
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Retention time (min)
In
te
n
si
ty
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Figure 4: Chromatogram froms a standard injection of TC, CTC,
OTC, DC, and DMC (1mg L−1).
Standard solutions (1000mgL−1) were prepared in
methanol monthly and stored at 4◦C. Mixtures of OTC, TC,
CTC, and DC (10 and 100mgL−1) were prepared by dilution
of the concentrated solutions and stored at 4◦C for a week.
An internal standard (IS) stock solution(DMC, 100mgL−1)
inMeOHwas preparedmonthly.Working standard solutions
were prepared daily by mobile phase dilution of the 10 and
100mgL−1 mixtures.
SPE materials were obtained from Waters (Micro-
mass/Waters, Manchester, UK).
2.2. Sample Treatment Procedures. Five porcine feed samples
were used for the study: one premix sample, two dry
feed samples, and two slurry feed samples. Feeds were
chosen that were representative for the range of diﬀerent
feeds available. Four diﬀerent sample treatment procedures,
which are summarized in Table 1, were tested. Sample
weight was 2 grams, and extraction solution volume was
40mL. Extraction was carried out by means of a head-
over-head shaker for 20 minutes in all cases, and samples
were subsequently centrifuged at 3000 rpm for 15 minutes.
Table 2: LC-MS/MS precursor/product ion combinations (quanti-
fier bold) monitored in MRM ESI positive mode.
Tetracycline
Retention
Time (min)
Precursor ion
(m/z)
Product ions
(m/z)
TC 9.2 445.2 410.1, 154.1
CTC 10.2 479.1 444.1, 154.1
DC 10.4 445.2 428.1, 154.1
OTC 8.9 461.2 337.1, 201.1
DMC 9.7 465.1 154.1
The pH of the extract was adjusted when necessary, and
filtration through glass fiber filters was performed before SPE
step. Final extracts obtained were filtered through 0.45 µm
nylon syringe filters before injection into the LC-MS/MS
system.
2.3. LC-MS/MS Conditions. AWaters 2690 separationsmod-
ule HPLC system (Waters Corporation, USA) coupled to a
Quattro Ultima tandem mass detector (Micromass/Waters,
Manchester, UK), both operating under MassLynx software,
was used for sample analysis. The mass spectrometer was
operated in electrospray positive mode, and data acquisition
was in multiple reaction monitoring mode (MRM). The
precursor/product ions monitored are listed in Table 2.
The source settings were as follows: capillary voltage 2.7 kV,
source temperature 120◦C, desolvation temperature 300◦C,
cone nitrogen gas flow 180 Lh−1, and desolvation gas flow
580 Lh−1. Argon (3.2 × 10–3mbar) was used as the collision
gas, and the multiplier was operated at 750V. The cone
voltage was set at 20V, and collision energy changed during
analysis depending on the analyte (25 eV for TC and
DC, 26 eV for OTC, and 30 eV for CTC and DMC). The
HPLC system was equipped with a Symmetry C18 (5 µm,
3.0 × 150mm column, Waters) at 10◦C. A binary gradient
mobile phase was used at a flow rate of 0.4mLmin−1 with
solvent A (ammonium acetate 1mM, pH 2.6) and solvent
B (ammonium acetate 10mM :ACN, 10 : 90). The gradient
started isocratic for 1min at 0% B, followed by a linear
Chromatography Research International 5
0
50
100
150
OTC
TC
CTC
DC
DMC
Io
n
 s
u
pp
re
ss
io
n
/e
n
h
an
ce
m
en
t 
 (
%
)
Method 1
Method 2
Method 3 Method 4
P
re
m
ix
D
ry
 fe
ed
 1
D
ry
 fe
ed
 2
W
et
 fe
ed
 1
W
et
 fe
ed
 2
P
re
m
ix
D
ry
 fe
ed
 1
D
ry
 fe
ed
 2
W
et
 fe
ed
 1
W
et
 fe
ed
 2
P
re
m
ix
D
ry
 fe
ed
 1
D
ry
 fe
ed
 2
W
et
 fe
ed
 1
W
et
 fe
ed
 2
P
re
m
ix
D
ry
 fe
ed
 1
D
ry
 fe
ed
 2
W
et
 fe
ed
 1
W
et
 fe
ed
 2
Figure 5: Quantitative results of ion suppression/enhancement for all analytes in all matrices and extraction methods tested.
increase to 50% B in 9min. The gradient remained isocratic
at 50% B for 3min. Subsequently the gradient linearly
increased to 100% B in 1min. The gradient remained at this
% B for a further 3min. Afterwards the gradient returned
to 0% B for equilibration of the column. Sample injection
volume was 10 µL.
2.4. Qualitative Assessment of Ion Suppression. The exper-
iments for qualitative assessment of ion suppression were
carried out using a postcolumn infusion setup coupled
to the chromatographic system described in Section 2.3
through a T piece. The setup is shown in Figure 2. The
infusion pump flushes a constant flow at 10 µLmin−1 of
a 5mg L−1 standard solution of all tetracyclines in mobile
phase. The quantification transition for each tetracycline
is monitored in the MS/MS system. When mobile phase
is injected into the system, a reference baseline for each
transition is obtained due to the constant infusion of the
standard solution of analytes. When feed extracts free from
tetracyclines are injected, ion suppression profiles for each
transition are obtained, and the influence of ion suppression
in the tetracyclines infusion baseline due to the eluted matrix
components can be evaluated. In fact, these profiles show
the eﬀect of compounds eluting from the chromatographic
system on the analytes MS/MS signals. The signal intensity
of the baseline decreases when matrix components causing
ion suppression elute, and it increases when substances
enhancing ionization elute.
Observing the signal variation at the time window where
every analyte elutes, a good qualitative prediction can be
made, whether suppression or enhancement are expected for
that analyte.
2.5. Quantitative Assessment of Ion Suppression. 1mg L−1
tetracyclines standard solutions and matrix-matched recov-
ery standards (MMRSs) at the same concentration were
injected into the LC-MS/MS system. MMRSs are extracts
from blank feed samples that have been spiked with the
analytes at the end of the sample treatment process. Ion
suppression or enhancement percentages were determined
for each tetracycline as the peak area ratio of the MMRS to
the standard in solution multiplied by 100. Values lower than
100% were an indicative of ion suppression whereas values
higher than 100% indicated ion enhancement.
For each analyte, the response factors (Areaanalyte/AreaIS)
in the 5 studied feed samples were determined in MMRS for
the set of samples. Each MMRS was analysed by triplicate,
and the average was calculated. The RSD (%) between the
averages of the five tested samples (n = 5) was used to
quantify the variation in ion suppression due to diﬀerences
between feed samples for each sample treatment method.
3. Results and Discussion
Four diﬀerent sample treatments, summarized in Table 1,
were tested in this study. All of them are based in an
extraction step using McIlvaine buﬀer-EDTA 0.1M (pH
4.2) and a further clean-up step of solid phase extraction.
McIlvaine buﬀer has been extensively reported to be eﬃcient
for tetracycline extraction in a large number of matrices, as
stated in some reviews [1, 2].
Method 1 is currently in use at this laboratory for routine
analysis. In this method, the cleanup of the extracts is
performed with the reversed phase Oasis HLB cartridges.
The loading of the extract into the cartridge does not require
any pH adjustment since the maximum interaction of TCs
with the sorbent occurs when the neutral form of the analytes
is prevalent, like at pH 4.2 (Figure 1). Finally the elution of
TCs is achieved with methanol.
The eﬀect of addition of dichloromethane (DCM) in the
extraction step was investigated in method 2, as DCM might
assist to the removal of some nonpolar matrix compounds
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Figure 6: Ion suppression profiles of a blank, a dry, and a wet feed sample obtained with sample treatment method 3.
and thus provide cleaner extracts. After extraction, the
aqueous layer was processed throughout an Oasis HLB
cartridge as in method 1.
The pH of the McIlvaine buﬀer extract was modified
after extraction in methods 3 and 4 to reach a suitable
pH for SPE. Mixed-mode cation exchange (Oasis MCX,
method 3) or mixed-mode anion exchange (Oasis MAX,
method 4) cartridges were used. These cartridges base their
performance in a combination of ion exchange and reverse
phase mechanisms. Therefore, they are expected to be more
selective for targeted analytes and so to provide a more
eﬃcient cleanup [18, 32–34].
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For method 3, before loading into the cartridge, pH of
the extract was decreased to 2.5 in order to have the analytes
positively charged. Theoretically SPE cartridge performance
may be compromised, as the pH is only slightly lower than
pKa1 (Table 1). However decreasing pH more is not recom-
mended, as it has been reported to induce epimerization of
tetracyclines [1, 2]. At these conditions good SPE recoveries
for all analytes were obtained for the complete optimized
method (74–100%).
For method 4, pH of the extract was brought to 10
to ensure that all analytes were in anionic form. At these
conditions, SPE recoveries were good for the analytes (97–
100%) except for CTC (ca. 30%). This is possibly due to
partial degradation of this analyte to iso-CTC, as this analyte
is particularly prone to form this derivative at high pH values
[2].
Ion suppression profiles of feed extracts obtained for
the four sample pretreatment methods were recorded. These
profiles were studied separately for each analyte in every
feed extract and compared. Focusing in the behaviour of
the profile at the retention time at which every tetracycline
elutes, and comparing it with the reference “blank” signal
(which corresponds to the injection of mobile phase), a good
qualitative assessment can be made, whether suppression or
enhancement are expected in a significant extent for each
tetracycline in each studied feed extract.
Ion suppression profiles of a blank, a dry and a slurry
(wet) feed sample extract obtained with sample treatment
method 1 are shown in Figure 3. Both feeds exhibit ion
suppression in the chromatogram time window where
tetracyclines elute (8–12min, Figure 4).
A similar trend was observed when using method 2. The
addition of DCM to the extraction solution was therefore not
an improvement. Numeric results from the ion suppression
quantification experiment agreed with these results, and the
suppression factors (see Section 2.5) for all the analytes in
the set of feed samples were clearly below 100% for both
methods (Figure 5).
Some improvements were clearly observed in the ion
suppression profiles of the extracts obtained according to
methods 3 and 4. No ion suppression or enhancement was
observed in the profiles between 8 and 12min As a matter
of example Figure 6 shows the ion suppression profiles of a
blank, a dry and a slurry (wet) feed sample extract obtained
with method 3. Similar profiles were obtained when using
method 4. The results of the ion suppression quantification
experiment are consistent with these qualitative results. The
percentage of signal obtained in 1mgL−1 MMRS in the five
feeds studied compared to a standard solution was close to
100% (Figure 5). Only in the case of CTC in one of the two
slurry feeds, significant enhancement (>150%) was found,
what seems to show that this sample contains some particular
substances that enhance the ionization of this particular
analyte under the mentioned sample treatment conditions.
The overall clear improvement provided by methods 3 and
4 has been achieved by the combination of the use of ion
exchange cartridges (more selective) and the dilution of
the extracts instead of evaporation and reconstitution (less
introduction of contaminants and human error).
Table 3: Variation (RSD %) between the five diﬀerent studied
feed samples processed with the four diﬀerent sample pretreatment
methods at 1mg L−1.
Method
1
RSD (%)
2
RSD (%)
3
RSD (%)
4
RSD (%)
TC 12.3 19.4 11.1 2.6
CTC 17.9 25.8 12.3 21.1
DC 30.8 39.7 4.9 6.5
OTC 14.7 24.3 9.4 8.6
As expected, a high variation between the diﬀerent feed
samples was found for all tetracyclines (Table 3). Methods 3
and 4 provide the best results regarding the variability on the
response factors (Areaanalyte/AreaIS) in MMS due to the feed
sample. CTC is an exception (method 4) due to degradation
at pH 10. That indicates that the extracts obtained for the
five feeds with these two methods are more uniform than the
ones obtained by methods 1 and 2.
4. Conclusions
Ion suppression in LC-MS/MS analysis of tetracyclines in
feed was studied. The study of this phenomenon in feed
samples has proven to be of a high level of complexity.
Four sample pretreatment methods were tested with five
diﬀerent feed samples in terms of ion suppression profiles,
ion suppression quantification, and variation. The method
that seemed to provide less ion suppression and more
uniform extracts without significant degradation of any
analyte was method 3, which involved SPE with Oasis MCX
cartridges. Although these results are still not suﬃcient to
replace the current protocol (method 1) which relies heavily
on standard addition, they provided valuable information
for future research, which should include studies with larger
numbers of diﬀerent feed samples, diﬀerent concentration
levels, and diﬀerent levels of extract dilution.
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